76
The precision of orbit determination depends on the precision of measurement data and the precision of dynamic model. In modern times, the degree of measurement can be limited in millimeter degree, so the key method to improve the precision of orbit determination is to increase the exactness of dynamic model, or to compensate the model error. In this chapter, some mathematic method are proposed to compensate the uncertainty model error, all those method is focus on the mathematics models, at last, a new orbit determination method based on model error compensation is put forward to deal with directly the dynamic force.
Three different method of orbit determination based on dynamic model
The dynamic model can describe the orbit character of satellite, and the position and velocity at time t can be got by integral of dynamic model with condition of initial parameters. Based on the different method of state transfer and dynamic model ,the method of orbit determination is different too. 
Theory of orbit determination based on transcendental information
Based on the function of satellite, the dynamic model of satellite can be noted as 
Where , b is the parameter with no relation to dynamic model, such as index of system error.
In the JPL/ODP and GTDS, there are some parts of parameters meaning considering vector, which is known with low precision. Dividing the all parameters to two parts, named estimating vector  and considering vector z , and dividing the estimating vector  to dynamic model parameters 0 X and observation model parameters b . The observation function can be rewritten as
Let the transcendental value of estimating vector  and considering vector z be 0
Define 1: suppose the loss function be,
Where W is weight matrix of observation.
The second item of the right parts in the above formula(4) is to restrict the estimating value to the transcendental value with the covariance matrix P  . Based on the iterative method of Gauss-Newton, unwrap the observation function at i  , The linear loss function can be obtain when put the observation function (5)to loss function(4), 
Where Y is state transfer matrix.
The value of formula (10) can be get by Adams-Cowell integral method.
Orbit determination based on difference method
Let the orbit determination be 
Where, The other more concise method based on difference is directly to deal with the Jacobi matrix   ,,
Where, k n is the number of observation elements. In ith zone ,add 
The uniform method of orbit determination with uncertainty model error
The satellite dynamic model can be descriped more and more subtle, but the actual force still can not be entirely expressed by the model. There are some unknown or inexplicable perturbation force and modled pertubation force with unkonwn parameter, for example, the atmosphere consistency parameter in the atmosphere pertubation force modle. So the model error of satellite dynamic model is the inevitable fact. If the orbit determination with no model error compensation is processed, the degree of orbit error will be equal with the degree of dynamic model error, see figure 3.
(a) Model error (b) Orbit determination error The dynamic model in the J2000 reference frame can be described as the following: The orbit function can be deployed as:
The formula(17)can be noted:
The formula (18) can be solved by the differential equations theory, which can be expressed as following:
Where   0 , tt  is state transferring matrix toward precise parameter perturbation force, and
is state transferring matrix toward perturbation force error.
Mesasure function with on system error
The measure function can be noted as the following,
Where, the relation of satellite position and velocity at time t and other to be estimated parameters is described by the first equation, and the second equation shows the relation at initial time 0 t .
Then, the orbit function with uncertainty dynamic model error can be described as,
Based on the differential coefficient improve process, we can get www.intechopen.com 
Where, Y is OC residual error,
Based on the formula(20), the matrix satellite state transfer is： 
In fact the matrix   is unkown, So formula (21) should be designed as
, expressed the error caused by dynamic model error.
The error S is uncertainty for the unknown matrix   .
So the orbit determination function (22) should be changed as
For the low precision need of B matrix and the minuteness value of   , the formula (23) can be changed as the following,
The observation system error d S caused by dynamic model error can be decomposed from uncertainty model error S .Then,
Unwrap the above formula (25) at * 00 X  www.intechopen.com 
Form the matrix formula function (27), it can be get that 
Method of orbit state
It is easy to be matrix singularity for to estimated parameters, if the state transfer matrix error is solved directly by formula (27). There is other method to solve the problem to get the orbit error X  based on the above formula (26).
Then, the same fitting method can be used to the orbit error X  , and get the right value with only 6   parameters.
Orbit determination function with uncertainty observation model error
The uncertainty observation model error mains the error of unable to model and modifying residual error with no form. With the more and more complicated observation, the system error will be more and more intricate. If no correct disposal method, the system observation error will mix into the observation data, and to guide the wrong direction.
There are two kinds of uncertainty observation error, one is residual error, such as atmosphere modify error and residual error of measure system error of radar. All of the form can be noted as
The other is occurred in elements of measurement data, it can be caused by any error of measurement parameters, such as position error of station.
In fact the above formula (32) can be noted as the formula (31), and then the uncertainty observation orbit determination function can be described as the following,
Uniform format of orbit determination semi-linear model
When there are uncertainty model error both the observation model and the dynamic model, the orbit determination function can be drawn as, 
Although the uncertainty error S is uniform, it is different in the character. For example, the form of dynamic model error is generally periodic with given frequency. 
is the parameters to be estimated, i  is the stochastic error.
Two stage parametric estimator
It should be noticed that nonparametric component   g t contains not only dynamic model error, but also measurement system error and so on, nonparametric component  g t cannot be described by parameters, so two stage estimator can be applied to solve  
 , the error function can be noted as:
To construct the function based on Lagrange Method,
Calculate the minimum value of formula (37), then the first stage estimation of r  and  can be described as,
Formula (40) 
Where
, h is the window to be set.
Stahel-Donoho kernel estimator based on data depth
For the influence of stochastic error, the nonparametric component contains not only system error but also stochastic error, so the information and reliability of different sampling measurement data are different, and so as the weight of observation data. Data depth can describe the degree of every data in the swatch. Many scholar put forward different data depth function based on different requirement. Though defines of data depth are different, the basic idea is the same, which can be shown that the values of data depth are big near the middle of data , on the contrary, the values are small far from the middle.
Define the data depth of  with distribution F based on the basic idea [6] ,
The depth i D describes the degree of data i S in the total data. The common weight function are as following: 
Simulation results and analysis
The results of orbit determination based on different methods are printed in figure 5 and figure 6 . Numeric results are given in In figure1, random error and system error are included with max swing 30 arcsec. In traditional orbit determination method, the ME is treated as white noise, the results of orbit determination based on traditional method was shown in figure 2. It can be seen that the OC residual error still contained the ME(see in figure 4 ), while the OC residual error based on SDKE contained no system errors, in another word, OC residual based on SDKE is white noise after model error compensated, so the precision of SDKE was improved largely. Model error is the main factor to badly pollute the precision of orbit determination, while semi-parametric is the effective way to compensate the model error. Stahel -Donoho Kernel Estimator is with great superiority in robust and efficiency, especially its data depth weight matrix can restrain the gross error in the ME, which will happen usually in space based observation. SDKE method of orbit determination can highly improve the precision of orbit determination in space based surveillance system.
Reduced dynamic orbit determination based on spline method
The precision of orbit determination depends on the precision of measurement data and the precision of dynamic model. In modern times, the degree of measurement can be limited in millimeter degree, so the key method to improve the precision of orbit determination is to increase the exactness of dynamic model, or to compensate the model error. In the above chapters, some mathematic method are proposed to compensate the uncertainty model error, all those method is focus on the mathematics models, in this chapter, a new orbit determination method based on model error compensation is put forward to deal with directly the dynamic force.
Orbit determination based on experiential acceleration
In order to remove the error caused by dynamic force, many scholars applied the experiential acceleration method. The general form of experiential acceleration is, 
where u is earth latitude angle, ,,
RT N eeeis unit vector of radial, track and cross of satellite.
The experiential acceleration form of (45)is proposed based on the frequency error with 1-cycle-per-revolution, and this model can absorb effectively the dynamic model error, and used in the orbit determination of satellite CHAMP. When the form of dynamic model changed, the above model may not be available. So the spline model is proposed to deal with the uncertainty dynamic model error.
Decompose the observation arc into some little arc, 
Precision of model based on dynamic model smoothing
It can be realized by dynamic model smoothing to evaluate the capability of experiential acceleration compensation method. Suppose the actual orbit data be observation data, calculate the orbit parameters by compensation orbit determination. In the following experiment, the actual orbit data is the CHAMP orbit data download by GFZ, and different method of orbit determination will be used to smooth the orbit in orbit to prove the experiential acceleration model. The condition of experiment simulation is shown in From the above experiment, it can be drawn that the spline experiential acceleration model can effectively compensate the dynamic model error. In the type D1, the dynamic model with no experiential acceleration and with one group parameters cannot describe the actual orbit of CHAMP, so the smoothing error is high. In the type D2, although there is still no experiential model, the grouping parameters will absorb some error, the smoothing error is smaller than type D1. In the type D3, the smoothing error is smaller, and it is show that the traditional experiential acceleration model is effective. At the same time, the residual error means there are still some dynamic model error could not be explain by the traditional experiential acceleration, for the form of traditional experiential acceleration 1-cycle-per- revolution. At last, in the type D4, the spline model can explain dynamic error with any frequency, the error of smoothing is the most small in all the type experiments.
